The Adventures of 

ARCHIBALD HIGGINS 


HERE 'S LOOKING AT EUCLID 

(AND NOT LOOKING ATIUCUD) 

Jean-Pierre Petit 





The Association Knowledge without Borders, founded and chaired by Professor Jean-Pierre 
Petit, astrophysicist, aims at spreading scientific and technical knowledge in as many 
countries as possible and in as many languages as possible. To this end, all his popular 
scientific works, which cover a period of thirty years, and more particularly the illustrated 
albums he has created, are now freely accessible. Anyone is now free to duplicate the present 
file, either in digital form or in the form of printed copies and circulate these copies to 
libraries , within the context of schools or universities or associations whose aims would be 
the same as the association , provided that they do not derive any profit from this circulation 
and that they do not have any political, sectarian or confessional connotations. These pdf files 
may also be put on line in the computer networks of school and university libraries. 



Jean-Pierre Petit intends to create numerous other works which will be accessible to a larger 
audience. Even illiterate people will be able to read them because the written parts will 
“speak” when the readers click on them. Thus it will be possible to use these works to support 
literacy schemes. Other albums will be "bilingual" in so far as it will be possible to switch 
from one language to another selected language with a mere click. Hence another tool made 
available to develop language skills. 

Jean-Pierre Petit was bom in 1937. He made his career in French research. He worked as a 
plasma physicist, he directed a computer science centre, he has created softwares, he has 
published hundreds of articles in scientific magazines, dealing with subjects ranging from 
fluid mechanics to theoretical cosmology. He has published about thirty books which have 
been translated in numerous languages. 

The association can be contacted on the following internet site: 


http://savoir-sans-frontieres.com 
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THIS IS not A TREATISE j OP a COURSE. 

IT IS JUST A STORY OF ARCH/BALb HICc/NS 
and one of his adventores 

IN TUE LAND oF C) E O METRO. 

PREFERABLY TO BE READ 
# PLENTY OF ASPIRIN 




* A PROTRACTOR 


* AND ft NICE; PRETTY^ 

Round 8alloon ... 





jjI aJIE FI&M of Eucto & E° . Wi FOVNbeo /v 

A UXANDRtR IV THE Th/RD CevTURY P-C . Ffifi. 7W 0 
Thousand ThJo kvvpp~.ec> yeans JVe bus/ness prospered. 

7W£ PRODUCTS WERE SUCCESSFUL , The CUSTOMERS SATISF/EP 











[OJWU ; bit by bit , rve- customers' TASTES 
Change o . Qome / who H At> previously tv eve a. 
<$VE£TioNED THE BPANX >, AFTER. STRANGE EXPERIENCES 
JSfCfAM TO ASiE *l£ Eu<zud ALWAYS /he TroTH; THE 
VJhole Truth ^ amp Nothing Tut /he Troth T' 


tog 


W£ RECOUNT THE TA(_t OF ONE SUCH 


PEPS ON... 


WfM 


















°*r, 

wn s tryinc, ro sr/Lercu A stRima Sfrwtfw two Posts... 




VV/TH T STUBTCHep UN€*, WAT 
IS, T Hfi.EE GEOVESICS ... 


0 0 



o 


or) 





A&CUI£ made A tmncle. 


PlAC/MC HIS, PdOTRACToR AT EACH COSHER 0f= 

S\ s\ ^ 

THE TRIABLE, he MEASURED THE AMBLES AjE y C^ ArJD 

l I CALCUi-AT^P the /R Sum. 


USIHA AH EXCELLENT 

theorem from the firm 
OF Euc-Ctb & Ob., THt£ 



SUM MOST BE 1%0°. 


Q OO D ■■ ■ 



A A >\ 


A + B + C = 180 ° fa 





UWRCHIS'S UOfiiS W 0 IU-!) WAS CO'JEdeo /v THICK Clovds. 
You covloh’t see Yovd ihanO >v Front of rooa. facf. 

X woNoea. what it's l//cE a Love; 
WAV' from here ? What's hifpeai by 

a0 Q T Mis Foa ? Noia? : a C^ooesic HAS. 

TO se STZAUZht. If X CtO Straight 
t\HeAt> j Far Pa x cam, X Should 
Get an jt>e a of jvsT what theHf a J 
LvPkimc, //u the Mists... 






UCHlE I NALkFO For a Lonc, / Love, 

Time. 

BFhivd Him , the string unreelfOj 

S 0 TiCHTLY STRETCHEb THAT he oidn't UEEO 
TO WORRY ABOUT THE foc, OBSO/aiaJc; 

ms exact path . Me was following 
AV imFfccascf Gcop&Sfc ... 



m 




y 8V Placing my Zvcea. a&socuttly FL^T 

-I l X CHSGH THAT MY tWfS HEfiLLT (\Re STUfyf^^'f 



° C U C L- \ t> 


I^SlLO . E^ULLLfO S>. C^O. ^ 

Listen, I've qot problems with 
Yovn Po-ODVCTZ. 

^ ---~L 

OWt a moment ... X'u Pvt yoo ' 
THKOVCH To the TECHNICAL. P£PfteTM£NT. 




Problems wiry oat Triangles ? 

I'm cuuphisep. Why Don't yoo thy oup Circles ? 

Out CUSTOMERS N\KE VERY HAPPY N/TV THOCE', 

... Right, Gotcha, a ClkCLC is a set of Points. s 
STTAJA^ 7£~Q 4 T <4 £)/£ TancE' & FHROM^ A PCH*J7 T ^ j 

ft NO YOO (lECkON THe PeRlMETE/Z. Is 2n / AND] 
THE A PL A TtT. . Cot >t ! ) 



happy to 

0 Eli g e. 






Pod MetsvaiM Ak£ftS W£ <lECOM»[eAJD Odd EXTeWItftr 

f^A^CE OF EocetPEAto Tiles. F od PEfcl MST&A.S 
oufl. Evcuoeto FeMctAJt; IS VNPAK.AU.ei.LeD. V/£ 

SftTI£ FACT/0 AJ OF ood CUSTOMERS d OU4. JSES.T 

AdVEPTISEMEA/T. 

^ 77 ^i X 




BiTclTd^ 

We «^t> £ K 


Uvu, that's a Fine 

StAHT ! ±' x ' £ c ' or SOME 

Tltfi LEFT 0\j£d. 




M 




yx. 


H£A£ JUER-E IS MpTHlfJA BVT 
BEAoTp / P uEASuA.e, PEACE, 
AUO L\C,HT. 






f _ \ 

All HiahT Th£M j -L 'Ll 
v£e THu Feocihc, to me\su\f 
the PpHiMg-rFE ... y 


PeRime reil : 2 ttE 






On, Lord ! (Jow j'vE SOT oveR 
36 % too much fencina ! And 
H% OF the tiles left over ! 
fyivo THE CIRCLE I'VE DRAWN SEEMS 

to be A STRAIGHT UNE... ^ 


I MUST 
Be ORE A VINA, 
surely ! 




The Circle seems to be 
BE NO INC, THE mm MY ! 



s' Well ... 

( >r LOOKS 

_ L , EtRaisht evouch l 




Archie increased the 
radios further y and now. 


in >K 


AnD NOW; WHEN X 

INCREASE / 7 the perimeter 
gets smaller / This 
is Crazy 1 



A frsil Y£T Mote l\L£<> ; 



WC3/JT MPPEtag® I 

To suet> some light , Let's blow away tbs foc,... 



flPPlYiwc, THe (loleS of PLANG GE0M£T&Y while 

livivc, oh the SvdFaco of p SPHGK.E. 
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x Fink Mf ON, MATE / hr< x 

Playin' w>v words. Vdu toyin' 7-pa T^cl 
Me Til AT THERE /TAB P f FFBRENT KINDS OF 

circles on a sphere ? ceipes !! J 


>£Ocl J THOUGHT X UNPERSTDOD THIS STUFF — AN> nouU^ 
^ X FIND J DON'T UN t>sAS TAN£> /) BCEEDin' FW4 (^—-—- 

ft ewece is me set of Points situated 
* constant distance £ from a single 
\ / 5 (^V /\ fired Point N , called its POLE". 



Humph ! 




Herr flAE a N 

WHOLE LOT of 
CiRLceS IA llTH THE 
QAME POLE A J- 
CALL THEM 
PARALLELS. 


8 or THESE \ f 
PARALLEL ^ 

CIRCLES APE 

ALSO THE SETS ^-~^=====: 

Of Points at /» constant 

Distance t' prom the ’‘South 
Pole / antipodal to A /. J 


^S/ 


AmoNa WE", TVEAe is one &tc,c,ER. 

Wan All The (IF~£t~ - A kind of 

Equator, on we sphere. 


Lummy . ~E xusr seen why 

* CIRCLE OK a SPHERE ^/fS 

TWO CENTRES N ANt> S . 






THESE " E&VATOAs” ARE KaJOWn PrS. 
QKEAlT CIRCLES - ANP IT IS THESE’ WAT 

foam the Geodesics. 


J NEVER Seen Ft GEOpIfSfC THIS 
CLOiE BEFORE- Most im PRESSi ue 




Arctic Circle 



MADRID 



Okj the BARTH j the Arctic 

Aw Arctic Circlet. awd 

Tropic of Camcer \I^ P ' CS Parallels. 

\ I MADRID /9a id new York ue 

oh The sA»ie parallel. But 

IT IS HiELL fcvouju that the: 
shortest Route & etwee as Yhem 
IS »°T Alo/Jc, this PARALLEL j 
Bot Alok/c, e\w arc of a 

CiRBAT CIRCLE. 


TRoftc of ^ 
CaP/VCO^N 



Antarctic Circle 

Wwf M W/ts A 
LAD, TH/47 WfcS CALLED 

OmoDRjOMY. 


the three Sides of ^ TMAH 4 LF hade 

TV S E PARTS OF qfiEAT CIRCLES. 




That pepends oh 

7 TRVWZLE; Q> U T 
BETWEEN Uo* AVO 


Tor a concrete re pres e ft at ion 

OF SUCH A TRI ANGLE YcYU CAW 
Use STJCYY TAPE Oft &/TS 
OF ELASTIC . You CAW 
MEASURE THE AwqcEZ BY 
pURCtWc, A PfloTRA CToR 
AT EACH VERTEX. 


O'lER SHORT DISTANCES, THE SPHERE IS 

Almost exactly pcahar. So / a / THIS case 
THE Sum of THE AW<\ l e~e... 



-^V 



VERY CLOSE 
120 ° 




TRY MAKING A TRtANCLE UKE THIS our Of 
STICKY TAPE OR. ELASTIC. 



BLImEY ! H'lT'J 
/A H 1 EQUILATERAL 

\TRiaHGLE Ah' a three-' 

S IOEO RECTANGLE AT 
lye SAME TIME 1 . 




It'± A VERY SPECIAL one ~ 

TAhreS vF EXACTLY ONE EIGHTH 
OF the SURFACE OF THE SPHERE. 


And TVe SUM op 

TS AHCfLES IS NOW 

A A A & 

A + B+c =• 270. 


A*Jb you -ee~ 

Am'7 seen NoTHW ) 

Yet f ” 



Imagine a t ri ancle y made out of elastic, 
whose vertices' Migrate over the sphere 
fke ancles grow larger and larger.) 
And So does the sum. 



There comes a stac,b where 
The Three vertices inc lie on 

/l Single GREAT cRCtc, TUe 

_ A <1 

EQUATOR of We SPHERE . UHE ANGLES A ,B jAno C ARE all 
STRAIGHT UNES , THETIS, lZO° . Jl/E/R SvM IS NoW S^lO° f[ 
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AU me thianale continues ITS M16R.ATI0M 
intv the southern HemsP heae , its, vertices 
converse oaj the point S aa/tipolf, t- 
To N. Eef/uwc, we i/ertex amcc&t /a/ 
l THE SANfe H/ri Y As AT THE ST/MT, THEY 

how eTceeo Ho° / More pneasetr, 

THEY e/k .h Become 360°- 6o° -- loo °. 


SUM : 3oo x 3 = 9oo 


' So y ON A sphere y \ 

THE ANC/ce-SUNf OF 4 

TP-iancee can lie 
Between / lg<?° and 900 / 



36o°-6o° = 3oo 0 




Humph 


A FULL CIRCLE COPIES 

to 360° 


In fact, a theorem proved by GftUSS 

Sf\TS THAT THE SOW OF- THE ANCLES IS 
ONE N BY: 

z,s,e - no (i * fjjjfT') 

UHEfLE R. IS THE RADIUS OF TH6 SPHERE 
flvp A I S THE Am OF THE TRIANCLE. 





^PrieR WAi \ 


V/neu rue arc a /s small 
/ \ ptEUmve TO THe sPHElEy 

/ \ wE Recover the Euclidean 

I C j tfSOi-T (Aili-C * ItO*') 

\ If, on the other hano^ the area of the ' 
triangle is almost That of the sphere , 

4- * 3-14-lt X R X , N6 $ET ^0O°. 




A a 










l coo poinh of <k sphere, can be jojy\t<L by tooo 

GeoJeLie- arcs: , OtJ£ Great Circle. . SV£ if 

4Ul£ poi^s V *«* S art AWTrtObAL. , fken IHFMITELr 
MflflJY Grt<xt Circles pass fkroix^k bo+k ! Tcoo Sock, 
lines on ~fke spAe^e Grrjv\ ex. fclANOLG , uot+U fke 
scLW\e. size of an^le. at eack \zetrteoc. . 7~ke anjf*- 
can be . - • ANYTHWG l! 


They* Re all HaPj 
y^Ktoow.-. 



iu% 




tJow LOT'S TtY' To WO/^ic our l/owy /\&CHLC 
TOO yfAMy T/COJ AtdD too Hvcu T&NC(/oc, 
To CT Mow ... 





(T) is TWe circle he be.e^ / ^mo (y) the oeccf He- ThoUAHT He 

ty*-S DRAHIHC,. PoP THE AAEA / He USED A FoRMUCA ^O/v FLAME 
CEOMETdY : uT (T = 2-I^IC...). THE TRUE /AREA IS HA L F THE 
AREA OF THE SPHEAE , 2ir/2 Z . MouJ £ IS A OtUARTEA OF THE SPHERE'S 
ClPCOEfFBUEKJCE J jr^r R. . So THE RATio OF THE TuO O A R FAS IS ^ 

= 1-233. The HaT/o of the Peaiheters is ^TlL. = TL = 7 . 5 - 7 . ±f you 

2.77/C *■ 

__ QTILL boH J T BSU EVE ME, TRY WRA PPl/UC, THE 



GOSH ! 
You SET 
pleats / 


Disc. orU THE SPHERE ■ 


S^nzc 7 pise ? Y 

WHAT disc 7 J 


mmm 



1 




All we wwnf HKt/vs hadn't reached rue EduArvR , 

H(S C(/tCL£ LooK&b CONCfi\/£ V S T L-lk'S' A 


Mod^ifiiL 0 AJB \AjOVtb... 


LU£L 


q eoocitc 



l U -1-S7R 


b&uato* 


'Z> 1-77 R 


fA WU-t L 
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AFTTfi. TV*t, the 
concavity of the 
circle Reveas.ee> 
D\/i£vrxoM 



His CIRCLE WAS A 
P\ PARALLEL f AHD Hli 

/ Pvler was a 

jZJll geodesic - Part 
- ^S) OF ^ ^EAT 

CIR.CCE OKj THE 
SPHERE. 

AT me e&oator that 

lZ y WHEN £ - \ R j 
TPe parallel CO!/VC iced 
WITH THE CieoPeStCj 
r flvo the e-tRcce 
LOOKED "ST MIGHT* 



\AJHAT '$ 
Gotm; a*/ ( 


Tm explains ho w y ou ca» aer^To" or "out q f" + a* cue ow The 

SPHERE , WITHOUT CROSSES it. CT OST 7H,A/ir CPF THE CtAccE AS 
8 EIHC MAPS OF ELASTIC } SLtD/HC ABOUT L/ArE A Ru&BEK BFHJ> 
ON A S ILL /AR I> SFLL. 























y/ivs* 




Mc> fj£Et> TO 
T f\*e it U^E 
^ that ! y 



mi @p^\TmiE o 

EaUliea, TUe clouds paevsmTej> Auch/e f&om 
Seeing sero/Jp tub eno of Hts ajose - oE- 
tUePfaBoots . weae ,r a for Pop that, he voold 

HAVE SEEN TUB COP \jATOPC OF THE SPHERlCAL 
S?F\CE Ht UVEb ON 

Thepe IS ANOTHER way to prevent Hi/soins 

SE£iN<; THE CUPVATORE OF THE SoAFAcE : M/9 YE 

him live IN it - to be a PART of if. 




Note that this new point of vie io has wo eefeet- ow : 



$VT y DESPITE BElNS CONFINED HtTV/AJ THE SURFACE l7~rEZF y AaCH'E 
Couch ST/LL CONSIDER ITS CURVATURE fND DECIDE WHETHER. /r WAr~£ 
positive on negfttve y two even measure it, without be/nc a&ce 
T o SEE it. If the AWolE -Sufi of a fRianCle waft 1^0° j 
Tye surface noucd &e a PLANE If tee sofi ekceetweo 
IgO* j THE CURVATURE WOULD BE POSITIVE j AWD ARCHIE CaUcD 

calculate the Local raws op curvature R sy uswq the 
FORMULA A+BtC - Uo (i -> p i) DECREES; WHERE A 

IS THE AREA OF the TRiANCCE. 

If THE Sufi WERE LEST THAN ^go 0 ; WE CouUO DEFINE a 

Radius of curvature R. hme w by At^tC - 1$o(l ~ JT^TT^3. S ) > 
But it would no loucer have the \vSV*L Physical Meaa/ia/c ;. 

Note THAT we CAN INCLUDE THE PLANE AS A SURFACE 
WHOSE RADIOS OF CURVATURE R IS IhPIW/TC . By So Dot/VC , 
WOULD PE COVER THE USUAL £ UCUDEAW THEOREMS . 


WE 




fifes ©oOOiM^o®^ 

The DUMBER OF DlMEHSlOMS IS 7VST THE A/VAfftEft- OF (RUA M77T/EZ — 

Oft COOHl>IN/\TE$> - THAT MUST 8e CSIVEN J \N A CHOSEN SPArCE^ 

to Define rue Position of a Point. 

SVRfACES ftftE SPACES THAT HAVE TWO D/ME MS (oM S . THE 
<SlVA»TiT/£ y OSEO FOIL THE MEASUREMENTS CAM gC L EMCTHS, 

NVMbetS/ PPJ^LES... 



Lone nvt>e y Lat/tuoe 


J.T IS CUSTOMARY TO SAT THAT OOA SPACE ; IE 
ONE IAM0ft.ES T!Mte / HAS 3 DlMIEMS/OMS . 



Z 8 





HfLCH/e CAR Fiajo We Positions Of Thnas g r using his Skull ■■■ 
Tue position of m Point can Be oe TEPMiNeo by three 


f\N<U£S TVS ELEVATION oc^AND we AHMuTWAl 06 ViA t ionl 
(S, AND jS 2 OE H'S TWO EYES. 

Jl4 e Angola*. Difference /§ ( -/ 3 * "> called The PMALLqx. 

f\(LCHie's brain can decode this parallax, ano interpret 

IT At, DISTANCE. 




but TVE fly TVlxkrS OF H iNsElF A-S MOO IN c 
on the sph erica l. lamps ha oe } where 

its Position , in this 2 - dim g ns /on a l- 


£ PACE x CAN HE described SY 

TVJo ENNLEZ O mno (p (long rrvoE 



wv say that this Z-dimensional space’ 
is IMMSP.S 60 (o* EM&eDPep) in our usual 

3 - DIMENSIONAL £ PATE . 
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St/PPOSE 77/f FLY FOt-COU/S A C \J 

Yh^r sphere. frJow wF caw flEr ness mt nx 

poS / T 7 oF UQt/06 OsJL Y ONE COoKDIVATe — 
jye £>ista/vc e F£x>m TFe StAkt/m^ Po/ajt 
(tAkiHZ SAS^AADS DlSTl WSES A-n M SO A PV<F) ■ 

f\ CV#ve IS, A PlCTOFS OF A 1- bl^e/JgloMAL. 

SPfirCe- 

Tms 1- Dimsmsiomal 2pa<ls i r l mm sex 

im A 2 - dimsms( otJAt. £pAce (tus Lphs/zeJ 

VJKtCF IS ITS ft F tMMEPSsb IM A s’ - t>I^FK>SlOMAt. 

CPACe . 2o oup Ow*j spA<e COULD itself &£ 

IMMERSED /V OME OF HtC,H£/i blMEMSIoV / 

\*jMCH we A<s conscious . 




Ev£k> iF We ST(i!M£ I£ ALL ~TVJlS.TEb VP, 

8 stats betweem A amo c j amd tve 
v istamce AC is still one Her Eft. 






iHi 5 SU^^eSTS THA-r SoME Pf&PEA-PEX CAN BE inDEPEMOEMT oE WE 

M*Nveti t*J NH'cH We SPatce is. im^easeA . 




Ueie pup DiEFenc/vT 

lV/tVj" TV IMMe/LSE A 

CtOSEb CVWE M 0(Ki>{Ff\n y 
S PArC-t ■ 77 46 FACT THAT 

IT IS CLOSED DOE 3 MOT 
VEPffD DM HOW IT / £ 


t m me as e£> ■ 

But we Do have to be caucFul mot to staetch oa 

CoMPFEZS THE ETfHfJA j SO ArS MoT 7T> Che THE 2/etancc 

bETwEEH PO! MTS. hJo^j LET'S jAy /MME/LS/N^ SURFACES /V 
OWHAR.Y SPACE- 


S F i fje iMMeP.Ce A PLANE IN otLb/fSAPr 2 '/>/ MlmSiOkTaL 
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\[j$£V£ SEEN THAT BenDinA A PLAHE 
Ik/tv a crU/JbGA. ooESu’r actetz 
GFVDEZtCS OR AFJQtfS. 

Rt»M THIS foiMT OF 

\ Z/tw A wavy sheet Always. 

has A FLAfiJE £OCL! 

C,eOMETfLY. 

Am !mha &tTAvr of such a two- d/ hek/sionax. spate movcp 
have Mo idea of TMe twists and turns AND ups a mo 
DO\AMS OF the SoAFAce , UjH'CU Afle MERELY 1 /A/HABcE 
FEAWfl-ES of TUe way The Surface /£ immersed in 3 - Dimems/onae 




ExrcoPi^^ TUe end qf my shell. 



Take a piece of we plane and polo it ■. 





Jn£ p 0 Lb POESM’r ALTER 

Wf Path of the aeopestc 
AT all ! 


(JUNG A R 0 LEU. t DRAIN lots of STRAIGHT LIN £X fceoDEGlCs') 
ON A SHEET OF PAPER. THEN focD THE PAPeA SEVERAL 

TIMES. T HERE/ REF ORE POOR VERY EYES , ARE THE (TeoDESiCS — 
WHETHER 7 UE SURFACE is FOLDED OR not i 

( <C 'V X 





But this first PART Of ooR EourNEy IS A 
FesstE Thing IajOEEO } COMPARED TO T>f£ 
UEXT STEP ; 




71 5 ,*. 


UEE-MMENSiONAL 

CURVE P 
SPACES 










Beautiful rizectsto/v 

Engineebimg . Amo the 

Rods ape exactly 
v /» mETep conc, ! 



BoT y /\F 7 E(l STiCict/yJC TVOETUE A A 
GOODLY IVC/M&e/L OF PoDS... 

Oh iofLt>, heae we Go 'N 

A4A/W I J 


My geodesic's 


C-Losmc, up. 


/I 'THREE - DIPEUS/OnAl CLOSED SPACE P 


that's RCAuy 
toak> it a 





^RCUIE J WHO 


HAD S/U DOWN On A 


Pass ip/c, 


^ To EAT A fEvo 

decided to size up 
THE angles AGA/aj. ( 


A STER.OID 
S /|NO NIC HE'S 


I’LL ConStAOCT 


A TRHNtLe 

twee CEODESICS , 

LINE I DID 

before ... 











J'v£ Fitted my hepdat/ls 
Toe erne « Pfops cl y — gc>r 7 T/<? 
WGte-£UM C>F MY T/ZtAMCLe 

is ^A/ iso ° i 



A C>W 
\AjeLL... 




z£®.<& 



p c, C 


/I S>pn€ne of r*v>iu$ l 

is the £er OF po/AJrS Situated 
A FIXED iX^T ALICE £ FP.OFI A 
CiYFM Poil/t iaFicf I'll 

C A <-L A/. 


Mai 



flfiJD TF6 VOLUME 
/< Lest. TVAtj ^irt 



J. 'll Mfi UE ONt, T\t jD 
M£A$VHe ITS \JoluM£ 
(WD SvPYACE APFA. 



THF Mffl /S LEZS 

7 ~UPN 4r £ Z - 




J'l/f HAT 

8.VI1T FNOVPH 

OF THIS, 






<2)0-.. Simply BY Blowinic; uP A Balloon 
in a rupee- duhensioval space, Hics/ns 
PctunD H/ylSElE — INS I PE IT ! 

If He Hadn't turned OFF rye ^/hS //V 
time, He would have Bee a/ utterly crushed. 

In TV ST THE SAME WAY H£ EWDeD UP TRAPPED 

in his own) enclosure ow Pace 13 . 

H th rHe belt will ini rxe world, it's wot peally' Possible- 

To VISUALIZE we CURVATURE of this thBEe- Ehmgkisiowal space:. 

In Geodesics close op j And its total, voco/we is a FINITE 
Numqe ' 1 <? F cubic meters j uxe tue: surface of our PlANg-t^ wyccy 
occupies only a piAj/re nomber of s&uA/ter ft step e . 

The ANRLE-Sum of A TRiAn^lE, /V TH'S Th<Ec ~ Di M£A)S ion)AC SPACE, 
IS Hone Than 'j gO°. To SEE " THE cuRuATVAE You WoouD HAUe To 
BE ABLE To e*j\JtSAC,e it in) FOUR Dim£A)S/oNS. 



UNIVERSE 


IS 


Sr could Be true that our three- dimenSio am l. 
p HYPElLSURFACE imMeFSEd in a Four- dimensioual £DA-cE~ y 

WHICH is IT SEC F l M Ft FUSED ArS A H YPER.SUR FACE / a) F/UE- DiMENSIONA l 

§c ut t at ppresent, it isn't considered Cood 
tpyste- to di sc uss such matte (is ■■■ 


gPACe , flwo So ON . 



What would the world 
BE com/N a to j with ideas 

_ 7 

LIICE THAT, -L AS* YOU . 


WHAT EXISTS 
IS WHA T X CA 

GEE! 

-G> 
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AuD Ailcwe Reached 'T when h/s balloon occupied mal^ 

7 ye available volume. On TVe sevens the equator looked 
like A STRAIGHT lime . Likewise , on the hcAeas AHEEE y the 

"EELVATUHJAL BALLOON'’ LOOKED L/KE A) PLAlJS 


J^FTEH PASSIM C, THE E&OATDt. THE CoNCAVlTr OE THE OALtoow 

(lev eUSED J and he moved autom aticall r towards The Aoiht £ 
/WTIPODAL TO N, THE CENTER OF THE BaLLooN. 



l£0 








OK THEN- REMEM&EA. YQUA-SELF 
FLATTENED OUT LIKE A LITTLE 

LA&6L ON YOOH, 2 -PlMENSIONAL 

\NO*LD ... 


... fttVj> YOU BCLAN TO INFLATE 
YOUA CHLCLE - WHICH IS 7VST A 
SPHERE OF DIME NS. ION ONE... 



.In two-dimensional space 

f) p ilont lEfi. contains a 

surface. QlNILAdCr, IN A 

SPACE Of tho.ee D( me ns ions, 
a FHONTIEU IS THE BOON DALY 
OF A VOLUME. 


Aha ! that's WHCN ^ &OT TO THE HALF 

WAY MAdM AT Tht EQUATOR . 




I A/ A 4~ D/MEn$/0UAl QPACE J A T#0NTt£/l U/c?vc£> 

u/wje 3 d/memsiovs j awd Be The BounoaBY or 

A HYPE 1LV0LV ME HA VfN A <4~ £> * MENS /ONS. 




Look — Mete's. your circle y A ' c ?me 

PfHEHSfo/VAL. & fKLLOOi\j . /T'£ STARTING TV 

covet Mo#e than hacF a a the a^aha^le 

SPACE - CLOSING /fij ON /rxecTj AnI> 
ON You J ANP> CON\ie#G'NG TOWARDS 
THe ANT/PoOE 3 . 


4-3 










\rchibalc> wd Sophie J haunl; scaled suck ctiDdy 

H£l4f<K OT EXWAPOLAVOh), PeCO^MEnCS THE 

ExrLodfiTlPV OE £-DI/M£/\JUc>A;Al WORLDS. 




^ m true m at us. u mo n 

MOlC THA/V ¥VHAT IT /£... 

. /S/v’r /t 7 


IH'S, 0 * Cou^ 


/c, 3 -o/M<S/V£ to*JAL 

^YCK Y ~THPE } 
H\AY'm 6 CeoDES.!CS- 
l The sticky bit's 
I c»v rwe - bottom, 

m. NATURALLY. 




/)/VD / a/ THIS tVE*v SPACE; 

CiEOp£$)C£ t)ON } T CLOSE U r. 

AfiJt> AJhtEU JT INE LATE TK£ 
SPACEPA.O&E BALLOON, THE 
volume \jsee> /s gaeatee 
1HAM ^rirl 3 ; /)A/i> 

- S ^ FA - C .^ /S A / o/?<r 

THAU 4 tt^ z . Further / the 

AM6LE -SUM oe A TRtRtUC,L£ IQ 

less, Thau 1 gO°. 


Recall/ec, \ 

PAC,£ 2 3 y Yo u’ll 
HEALIZE You'&e w 
A SPACE O E 

NEC A 77 VE j 

. CURVATURE • y 





mm ©w m mm 


eu.HTy 1 reckon I've: 

Really got ir now. It a Space 
Ms Pounve curvature, /t 
Ccqses od /txelf. 


If THE COR VfiJVRE is 
NEGATIVE ,oR THE QPRCE 
1$ EVCLI &EAN j IT bOEZN^T 

close uP- \t's INFINITF. 





©NO- TULLE ALE MORE 

TUftJCS w GEOMETRY 77//)V APE 
DREAMT OF IN YOUR PHILOSOPHY; 
A«CH /SALT© / ^ 












































iTG ccoseoUPj 
<Tt>fT uk£ n did 
g£Fo<te. 








(\nCL6-QVM\ 180 

TWO 4M>C,ET IQ 

Evcu oea a/. A Horned 
CYUNOek / 


& 



Ok M/trse wt... 


V>! 


O f UNtJY-.. 





*0 Tpft' 1 2 \ 
a«T 



/s MW R.e\J£ALec>... THIS TIME A&CWE 
U//»S in A M»“0(UMT**L£ l-01H£»St0HAL 
SPACE The 8 ett tcfiJowfJ Example OE 
s>vcm a space /s me Mob, os Bamo (Hid). 
The tD£E HAb ESCAPED the CzeEkr-s , Even 
THouoh Iyer THOUGHT fiBour EVEAT TU,k>C- 



S "- 1 r 
5 °J 


Sophie T i~e-r me out ! 





A ClACce OfJ A SURFACE J Q*JC> PVT am ARROW Ok) it. 

O fnt»K OT T«e CIRCLE AS A LITTLE LABEL- WHICH WE C-AhJ 
SLIDE AT WILL OVER- THE SV&.EACE . /E THE C/ACCE ALWAYS 
RETURNS TO its OAIC,/A/Ac PO£/TT0k> WITH THE AE&OU> roitjTlfjq 

THE Same \a/ay, we SAT that TVS surface is. ORlEtSTABLE - As 
IS 7 V£ CASE YOU. THE SPHERE ; CYU/VLEA, PcAN£ } ETC. Bor ON /» 

MZbius "Samp , THiNCS CO Qv/te i>/ EE erfi-EMT LY... 



Every T it travels round 
THIS 2~PI MENCIOVAL (ywi VCnSE / 
THE CHICLE R.&V 6 ES ET ITS 

orientation. 


IT - Yov> LL GEE ! 





1m the same way, you c/i/v'r Paint the 
fJoBivs &aki o with a D/FPER-EK/r Color 
ON each s/PEr . it HAS only ONE 
Side / We spy ir is UNILATERAL . 


It HAS ONL V ONE EDGE 



Archie 


TRIEO H^OCJCIMC. N/l fCS IN 
To Qho'R wHicn s/oe 
WAS WHICH-. 


You G**/ l T /) LL y?7^B/Vc£- 
And Discovea.ec> that NEITHER. 

W£... 7 K *7 IS (Eeum in) 
rue band... n y 



• ■ HAD 
INSlOE 


e°... ~M kL^ 'oZZl 






f^jrrea tws Brick tpjot arovho the rioeivs p/wd, let's co back 

AfJO TAKE AUOTUen LOOK AT Z- blMEKJD oMAL Svcc/OeAM SPACES. 

©(FO^GOt^^j^O^lX) Z' W«£» I UWV AT HV 16 LF 

ft / [fj A MIO.B.OK., MY LEPT H*Nb 

(d)S n / Beco > 7<rs HY k/>/v£> ' 

wU C0v7v_^ / poesv’T my UBAD 

^zr7| r-\ / 

|V _ ' 1 777^ v-—' / 7 feft ? 


ANb how cam x Be S(Me x'm 
jus REAL Me *- flNO NOT THE 
$€f^L^CTJON ? 





■RtGur ism ^fsZZ/VzZZ 

OPPOSITE OF V U// / ''//// 

LEFT - aw vice versa..- 



You XVST HAVE to Co A&OOT 
IT THE PI CUT way. 


HeUOy Mecco f Uow CAM YOU TELL 

vine wen you a. qheul cc /fits, up the 
RIGHT WAY OP- THE Left way P 


Well - if it wasv't the RIGHT 
WAY IT WOVLD BE THE WfcONG Wa y !. 




ImET vs Accompany n( 44 tN£ on ms £kpcokattohj of A>joTHeg £vc,l_( og/\ a / 

Would of TnA.ee Dimensions (without coruatvee J ) —- 



w hs tie's goPme ? 
VJe'p AAKwcteo to 
a ieet foA LvNc-h 
Ok) PACiE S ~ 7 - 



This space has an 

fiin. of strangeness 

WHICH DOESN’T 

N Bo PE l NeuL. 



I'LL H^VF 
A DRINK' WH/tf 
l’N\ \WAITING' 



Jvsr c oo(< at ttif 

Fog eteew* ^ ■ 

f\rJD PIE VoTNOVr NY 
AsPiRi^ ! 


1 OOH'OOY 


VJHEA-C ME Yo ° 


OOM£ OUT 


l/VTO TUE OPEN 



m. 









FA/K 

Rose/ 


) it's A EllA/K /A/ ‘ > PRSHCH 

if THAT DoiJ’T SEAT ALL ■' 


Y'COT A ^ 

co&tcSofLE^J } 
co&beH T 



VJ t»* 






typical c? you poms -always, /k*v 
ZUlWh QILly OUesno/JS... ^a,DOfi Y^\ 
~ - K — cobbeh! ) 



6t-0 P 

VdM ( 




W A 1 T 211 J 6 MfTilm; Walt?ia!<; 
Math-pa ; You’lc comb f\ n 
, A- WALT2 ILIC, rlATIL- ' J 




You Didn’t n 6 t\c£ aaJyThiWc, 
ZtAANC,E ? /-' 




/^r Vf D^V/a/k 6£77t ) \ 

Wti-AS^A/c;, \ up -—^ \ 

BuT THete'i KlOTVlAl > . ) I 0 T \ \ 

/^SoMEOfJ£ '£ SCReweO VP M V Co/OrSckEp 
Afijb AtJ IN£&RlATeb /C"AA JCAfLOo'S 

SWUCHeo My Hose . Much more of 
JHH 4 a 10 i’ll STAfl-T TV \a)OM L>££ WHAT'S 
v CiOtMq ON... - 




we s taomqly Advice you to observe tfe 
cOnKcteew with thg otmost attevtioij . 




■i^aHomic 









e/cs - A noa-oRieivtable 2-z>//w svx/cmm-*- 

k/ti ^ 3 ~ T» MEiOClOMAL. /Iaz/uoc. 

MOBIOS BAHO j a CiP-CC'OAR CAB EC- Th*r 

"circuit" /a; the sPs\ce y cA a/ C-oA/e 

itv irt o/ae^TAvro/j aw* hgep. 



■2 


Jf2 



7 b ' 7 

He CoBKScae hs aze mirror images ° f each other- 

'Th£ CoRHSCREW j AWt> AtlCH/E H/ahSEGA, ASA A 5*^ UroNGHT OF~ 

AC */-A&EcC W //V THREE £>t f^EMS'orJS. b*Cu TlA/s fyK) ogJEST- 
MA.HE5 4 "circuit' 1 OF TV/S P-P/ MevQiou/H- S>Pace j /ts 
Okie MTAT70N Rave risers. fh vJe acconpan rex> Higgins on his 


Ci t cum spatial. Pilgrimage- , it's. hot sue pricing that, Just lime 
H<m, VJ6 Tows -the Borr-ue Tv BE A MiReon image / aajo 7T e 
CORKSCREW T WtC TING THE wRONq WAY'. A SETONiq "circuit" 
VJovt-b RpSTOeA JU£SE OBJECTS TO TuejA. ORIQI/UAl a PPEARa mc£~; 
PRWIPCO IaJE LEFT THEM IN He RE THeH WERE • 



J%R.ent£ Aa/d 7 ~ve P'augapoo {am (\htipooal 
bPEC/ES ) L'vEP I A/ TH £ SAME SPACE^ 

But THEY Differed /v the sense 

that WHAT iP/AHs TWe RIGHT WAT RoUW-P 
foP THE kCAMG, AROO f WAS Th/E WfloH G 

\AJAY (LOV/Tl> FOR AeLHtBAL O - A rv P 
\J\CE VERSA) . 


GO 







W 1 l^AAltlG TUG VNlveUE 
pou’r look Ukc woT /r i£ . 
CR( pe% , f/v/cr o’ 7 y+r Se/fj 1 takht 

IN tug SCHOOLS !! 


Anyhow , yjot Reely coo/vrs is Tue 
Real vjoRlp - *jot this roody h’Tvopy 

TUWEF SPECKYERLATIOaj f An' iaj THE 

PeAl [A/eRL* AS yeR'i-L AJO P*»#Y *'A<*£T 

W** M€ y ye* fn** **., .. 


HOW 

VTTEfUy 




C~*< 



So ) yJHAT S 
Semuo all of 
THIS ? 


?HYS\CS > 

LOVE ■■■ 





let’s HEAfi. IT 
f=0«. 7 HE 

CONCRETE, 



/////^ 

^\\\\" 

Ti °i 

° )' 


i’ll kuinc JHis into Tug Of Ed ( 



Anyone tw eRe ? 












is Tnea.E fi[ 

MATH£MATICI*N 

o 

ju rue house • 



